Abstract Fe 3 O 4 -diazabicyclo[2.2.2]octane (Fe 3 O 4 -DAB-CO) magnetic nanoparticles (MNPs) catalyst was readily prepared from inexpensive starting materials in aqueous media which catalyzed the synthesis of coumarin. FTIR spectroscopy, X-ray diffraction, transmission electron micrographs were employed to characterize the properties of the synthesized Fe 3 O 4 -DABCO MNPs. High catalytic activity and ease of recovery from the reaction mixture using external magnet, and several reuse times without significant losses in performance are additional ecofriendly attributes of this catalytic system.
Introduction
In recent years, core-shell multi-components have attracted intense attention because of their potential applications in catalysis [1] . Different from single-component that can only supply people with one function, the core-shell multi-components can integrate multiple functions into one system for specific applications [2] [3] [4] [5] [6] . Moreover, the interactions between different components can greatly improve the performance of the multi-components system and even generate new synergetic properties. Among the core-shell structured composites, the composites with magnetic core and functional shell structures have received especial attention because of their potential applications in catalysis, drug storage/release, selective separation, chromatography, and chemical or biologic sensors [7] [8] [9] [10] [11] [12] . The magnetic core has good magnetic responsibility, and can be easily magnetized. Therefore, the composites with magnetic core can be conveniently collected, separated or fixed by external magnet.
1,4-Diazabicyclo[2.2.2]octane (DABCO), a cage-like compound, is a small diazabicyclic molecule with weak alkalescency and medium-hindrance [13] . DABCO has been applied as an inexpensive, eco-friendly, high reactive and non-toxic base catalyst for various organic transformations, including ring opening of aziridines with amines or thiols [14] , oxidative deprotection of (tetrahydropyranyl) ethers and silyl ethers [15] , conversion of tetrahydropyranyl ethers into acetates [16] , regioselective nucleophilic aromatic substitution reaction [17] , synthesis of isoxazolines [18] , synthesis of N-arylphthalimides [19] , synthesis of industrially important polyurethane foams [20] , and Baylis-Hillman reactions [21, 22] . Nevertheless, in many of these cases, DABCO has not been recovered, and eliminated as a residue.
Herein we report the fabrication of DABCO incorporated into a surface magnetite nanoparticles which catalyzed the synthesis coumarin under solvent-free conditions. The prepared Fe 3 O 4 -DABCO MNPs are multi-functional. The Fe 3 O 4 core makes them very easy to be separated and recycled from solution with the help of an external magnet (Scheme 1).
capillaries using an Electrothermal 9100 apparatus and are uncorrected. Powder X-ray diffraction data were obtained using Bruker D8 advance model with Cu ka radiation. FTIR spectra were recorded on a VERTEX 70 spectrometer (Bruker) in the transmission mode in spectroscopic grade KBr pellets for all the powders. The particle size and structure were observed by using a Philips CM10 transmission electron microscope operating at 100 kV. The thermo-gravimetric analysis (TGA) curves were recorded under air atmosphere using TGA/DTA Shimadzu-50 with platinum pan. The samples were heated in air from 25 to 1,000°C with a heating rate of 10°C/min. The weight losses as a function of temperature were recorded. NMR spectra were recorded in DMSO on a Bruker advance DRX-400 MHz instrument spectrometer using TMS as internal standard. The purity determination of the products and reaction monitoring were accomplished by TLC on silica gel polygram SILG/UV 254 plates. Mass spectra were recorded on Shimadzu GCMS-QP5050 mass spectrometer.
General procedure for the preparation of Fe 3 O 4 nanoparticles
The synthesis procedure is illustrated as follows: (1) 0.01 mol FeCl 2 Á4H 2 O and 0.03 mol FeCl 3 Á6H 2 O were dissolved into 200 mL distilled water, followed by the addition of PEG (1.0 g, MW 6,000), (2) sodium hydroxide (NaOH) was added to the solution and the pH value was controlled in the range 12 B pH B 13, and (3) different amount of hydrazine hydrate (N 2 H 4 ÁH 2 O, 80 % concentration) was added to the above suspension. The reaction was continued for about 24 h at room temperature. During this period, the pH value was adjusted by NaOH and kept in the range of 12 B pH B 13. The black Fe 3 O 4 NPs were then rinsed several times with ionized water.
General procedure for the preparation of n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane 2 mmol DABCO and 2 mL THF were mixed together in a beaker, and then 2 mmol of NaH was dispersed into the mixture by ultrasonication. 2.5 mmol 3-chloropropyltriethoxysilane was added drop-wise at room temperature and stirred for another 16 h at 60°C. The resultant products were collected and washed with ethanol and deionized water in sequence, and then dried under vacuum at 60°C for 2 h for further use. 
Results and discussion
Due to the reasonable needs to clean and green recovery of the heterogenous catalyst, we synthesized Fe 3 O 4 -DABCO as a new catalyst nanomagnetic iron oxide simply (Fig. 1) . The synthesized Fe 3 O 4 -DABCO was then characterized by different methods such as X-ray power diffraction (XRD), transmission electron microscopy (TEM), and FTIR.
XRD
The structural properties of synthesized Fe 3 O 4 -DABCO nanoparticle were analyzed by XRD. As shown in Fig. 2 , XRD patterns of the synthesized Fe 3 O 4 -DABCO nanoparticle display several relatively strong reflection peaks in the 2h region of o , which is quite similar to those of Fe 3 O 4 nanoparticles reported by other group. The discernible six diffraction peaks in Fig. 2 
TEM
The size and structure of the Fe 3 O 4 -DABCO were also evaluated using TEM (Fig. 3a, b) . From TEM images (Fig. 3b) MNPs is about 15-25 nm (Fig. 3a) . After being coated with a DABCO, the typical core-shell structure of the Fe 3 O 4 -DABCO can be observed, and the average size increases to about 40-50 nm (Fig. 3b) .
FTIR
The successful conjugation of DABCO onto the surface of the Fe 3 O 4 nanoparticles was confirmed by the FTIR spectra (Fig. 4) . The peaks at 3,415 and 590 cm -1 appear in all the FTIR spectra, which are assigned to the -OH group and the Fe-O group, respectively (Fig. 4a) are observed as a broad band (Fig. 4b) .
TGA
The thermal behavior of Fe 3 O 4 -DABCO MNPs is shown in Fig. 5 . This was evaluated to be 1.5 % according to the TG analysis. The analysis showed two decreasing peaks. First peak appears at temperature around 130-150°C due to desorption of water molecules from the catalyst surface. This is followed by a second peak at 425-450°C, corresponding to the loss of the organic spacer group (Fig. 5) .
According to the TGA, the amount of DABCO functionalized on Fe 3 O 4 is evaluated to be 2.2 mmol g -1 .
Catalytic activity of Fe 3 O 4 -DABCO MNPs for the one-pot synthesis of coumarin
We thought to optimize the reaction conditions; the same reaction was carried out in various solvents under similar conditions. In this study, it was found that solvent-free is a more efficient and superior solvent ( Table 1 , entry 14) over other solvents (Table 1 , entries 1-13) with respect to reaction time and yield of the desired coumarin. At this stage, the amount of catalyst necessary to promote the reaction efficiently was examined (Fig. 6) . It was observed that the variation for Fe 3 O 4 -DABCO MNP had an effective influence. The best amount of Fe 3 O 4 -DABCO MNP is 0.0007 g which afforded the desired product in 93 % yields (Fig. 6) .
Under the optimal conditions, the reaction progress in the presence of 0.0007 g of Fe 3 O 4 -DABCO MNPs was monitored by GC (Fig. 7) . Using this catalyst system, excellent yields of coumarin can be achieved in 35 min at 90°C. No apparent by-products were observed by GC in all the experiments and the cyclic carbonate was obtained cleanly in 93 % yield.
It is important to note that the magnetic property of Fe 3 O 4 -DABCO MNPs facilitates its efficient recovery from the reaction mixture during work-up procedure. The activity of the recycled catalyst was also examined under the optimized conditions. After the completion of reaction, the catalyst was separated by an external magnet, washed with methanol and dried at the pump. The recovered catalyst was reused for six consecutive cycles without any significant loss in catalytic activity (Fig. 8) . (Table 2 ). As it is evident from Table 2, Fe 3 O 4 -DABCO MNP is the most effective catalyst for this purpose, leading to the formation of coumarin in a good yield.
After optimization of the reaction conditions, this methodology was evaluated using variety of different substituted phenol in the presence of nanocatalyst under similar conditions. The reaction proceeded smoothly and was completed for 35-50 min at 90°C (Table 3) .
A plausible mechanism for the reaction between phenol and ethyl acetoacetate on Fe 3 O 4 -DABCO MNPs surface during the synthesis of coumarin is depicted in Scheme 2. The Fe 3 O 4 -DABCO MNP has lewis acid and lewis basic sites. 
Conclusions
In conclusion, we have developed the current important areas of heterogenization of DABCO, which is a rapidly developing research area. The main objectives are solventfree conditions, a rapid (immediately) and easy immobilization technique, and low-cost precursors for the preparation of highly active and stable MPs with high densities of functional groups. Furthermore, applying the young area of magnetite particles which are intrinsically not magnetic, but can readily be magnetized by an external magnet, can have a positive effect on high activity on one hand and separation and recycling on the other hand.
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